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(54) Voltage conversion apparatus 

(57) A voltage conversion apparatus (1 ) is connect- 
ed between a first charging/discharging device (3) and 
a second charging/discharging device (4), and performs 
voltage conversion between the first and second charg- 
ing/discharging devices. The apparatus includes a first 
switching device (11) having one terminal connected to 
the first charging/discharging device, a second switch- 
ing device (12) connected between the other terminal of 
the first switching device and the earth, a third switching 
device (13) having one terminal connected to the sec- 
ond charging/discharging device, a fourth switching de- 



vice (14) connected between the other terminal of the 
third switching device and the earth, and a coil provided 
between the other terminal of the first switching device 
and the other terminal of the third switching device. A 
controller (31 ) is provided for controlling the first through 
fourth switching devices, such that the first and fourth 
switching devices are switched on and off in the same 
phase, and the second and third switching devices are 
switched on and off in the same phase that is reverse 
to that of switching of the first and fourth switching de- 
vices. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

[0001] The invention relates to a voltage conversion 
apparatus that performs voltage conversion between 
charging/discharging devices, such as batteries and ca- 
pacitors. More particularly, the invention is concerned 
with a voltage conversion apparatus adapted to change 
a value or level of a voltage of a charging/discharging 
device, such as a battery or a capacitor, and apply the 
resulting voltage having a different value to another 
charging/discharging device. 

2. Description of Related Art 

[0002] To meet with a demand for environmental pro- 
tection in recent years, there have been developed ve- 
hicles using regeneration or restoration control for im- 
proving the fuel economy by converting the kinetic en- 
ergy of the vehicle into the electric energy during braking 
(i.e., by performing regenerative braking). In the regen- 
eration control, regenerated energy obtained through 
regenerative braking is initially received by a capacitor, 
and a value of a voltage of the capacitor is then changed 
so that the resulting electric power is supplied to a bat- 
tery installed on the vehicle. 

[0003] As one example of the voltage conversion ap- 
paratus using the regeneration control as described 
above, there is known a step-up/step-down converter 
that performs chargi ng and discharging of two condens- 
ers, as disclosed in Laid-open Publication No. 6-66204 
of Utility Model Application. The step-up/step-down con- 
verter is constructed such that a reactor is connected to 
one of the condensers, and a switching device and a 
diode are connected between the output of the reactor 
and the earth (ground). In addition, a switching device 
and a diode are connected between the output of the 
reactor and the other condenser. In a step-up operation, 
the switching device connected between the output of 
the reactor and the other condenser is kept in the ON 
state, and the switching device connected between the 
output of the reactor and the earth is switched on and 
off, so that a high voltage is applied to the other con- 
denser. In a step-down operation, on the other hand, the 
switching device connected between the output of the 
reactor and the other condenser is switched on and off, 
and the switching device connected between the output 
of the reactor and the earth is kept in the ON state, so 
that a low voltage is applied to the other condenser. 
[0004] However, the step-up/step-down converter as 
described above has a problem of discontinuity in its op- 
eration when the voltage conversion ratio is in the vicin- 
ity of 1 . 

[0005] For example, the ratio of output voltage to input 
voltage in a step-up operation of the step-up/step-down 



converter is equal to 1 /(1 - y) , where y represents switch- 
ing duty ratio (T ON / (T ON + Tq^)) of the switching de- 
vice. On the other hand, the ratio of output voltage to 
input voltage in a step-down operation of the converter 

s is equal to y. Fig. 5 shows the relationship between the 
duty ratio y of the switching device and the ratio of the 
output voltage to the input voltage in step-up and step- 
down operations of the converter. As is understood from 
Fig. 5, the duty ratio y of the switching device needs to 

10 be changed when the step-up/step-down converter 
shifts from a step-down operation to a step-up opera- 
tion, for example, resulting in discontinuity in the oper- 
ation of the switching device. 

'5 SUMMARY OF THE INVENTION 

[0006] It is therefore one object of the invention to pro- 
vide a voltage conversion apparatus that permits 
smooth shifting or switching between step-up opera- 
te? tions and step-down operations. 

[0007] To accomplish the above and/or other object 
(s), there is provided according to one aspect of the in- 
vention, a voltage conversion apparatus which is con- 
nected between a first charging/discharging device and 

25 a second charging/discharging device and which per- 
forms voltage conversion between the first charging/dis- 
charging device and the second charging/discharging 
device. The voltage conversion apparatus includes: (a) 
a first switching device having a first terminal and a sec- 

30 ond terminal, the first terminal being connected to the 
first charging/discharging device, (b) a second switching 
device connected between the second terminal of the 
first switching device and the earth, (c) a third switching 
device having a third terminal and a fourth terminal, the 

35 third terminal being connected to the second charging/ 
discharging device, (d) a fourth switching device con- 
nected between the fourth terminal of the third switching 
device and the earth, (e) a coil provided between the 
second terminal of the first switching device and the 

40 fourth terminal of the third switching device, and (f) a 
controller that controls operations of the first switching 
device, the second switching device, the third switching 
device and the fourth switching device, such that the first 
switching device and the fourth switching device are 

45 switched on and off in a first phase, and the second 
switching device and the third switching device are 
switched on and off in a second phase that is reverse to 
the first phase of switching of the first switching device 
and the fourth switching device. 

so [0008] In one embodiment of the invention, the first 
charging/discharging device is charged by use of brak- 
ing energy of a vehicle. 

[0009] In the voltage conversion apparatus construct- 
ed according to this aspect of the invention, the opera- 
55 tions of the first through fourth switching devices are 
controlled such that the first switching device and the 
fourth switching device are switched on and off in the 
same phase, and the second switching device and the 
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third switching device are switched on and off in the 
same phase that is reverse to the phase of switching of 
the first and fourth switching devices. Thus, the four 
switching devices provide a step-up/step-down chopper 
in which a step-down chopper and a step-up chopper 
are connected in series. The thus constructed voltage 
conversion apparatus permits continuous switching 
from a step-up operation to a step-down operation, or 
vice versa, by continuously varying the duty ratio of 
switching of the switching devices. This arrangement 
makes it possible to avoid noise and false operations 
due to the noise, upon switching from a step-down op- 
eration to a step-up operation or vice versa. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The foregoing and/or further objects, features 
and advantages of the invention will become more ap- 
parent from the following description of an exemplary 
preferred embodiment with reference to the accompa- 
nying drawings, in which like numerals are used to rep- 
resent like elements and wherein: 

Fig. 1 is a circuit diagram showing a voltage con- 
version apparatus according to one embodiment of 
the invention; 

Fig. 2 is a timing chart showing input signals of FETs 
in the voltage conversion apparatus of Fig. 1 ; 
Fig. 3 is a schematic circuit diagram showing the 
voltage conversion apparatus of Fig. 1 during its op- 
eration; 

Fig. 4 is a graph showing the relationship between 
the switching duty ratio and the voltage ratio in the 
voltage conversion apparatus of Fig. 1 ; and 
Fig. 5 is a graph showing the relationship between 
the switching duty ratio and the voltage ratio in a 
known voltage conversion apparatus. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0011] One exemplary preferred embodiment of the 
invention will be described in detail with reference to the 
accompanying drawings, in which the same reference 
numerals are used for identifying structurally and/or 
functionally corresponding elements. 
[0012] Fig. 1 schematically illustrates a voltage con- 
version apparatus according to a preferred embodiment 
of the invention. As shown in Fig. 1 , the voltage conver- 
sion apparatus 1 , which is installed on a motor vehicle, 
performs voltage conversion between a condenser 3 
that is to be charged by a generator 2, and a battery 4 
(which will be described in detail later). The generator 2 
serves to generate electric power, by using braking en- 
ergy generated by an engine of the vehicle. 
[001 3] The condenser 3 is connected between a pos- 
itive terminal of the generator 2 and the earth (ground), 
and may be charged in accordance with an electric pow- 



er generated by the generator 2. The condenser 3 may 
also be charged or discharged as needed through op- 
erations of the voltage conversion apparatus 1 . The bat- 
tery 4 serving as a voltage supply source for the vehicle, 

5 is connected to a load 5, such as, for example, an air 
conditioner, which is installed on the vehicle and serves 
as a power consumer. The battery 4 is in the form of, for 
example, a storage battery, and is chargeable by an al- 
ternator (not shown). The battery 4 may also be charged 

10 and discharged as needed through operations of the 
voltage conversion apparatus 1 . 
[0014] The voltage conversion apparatus 1 includes 
four FETs (Field Effect Transistors) 11 to 14, acontroller 
31, and a current sensor 32. The FETs 11 to 14 are 

is switching devices that cause the voltage conversion ap- 
paratus 1 to operate as a step -up/step-down chopper. 
Each of the FETs 11 to 14 may be provided by, for ex- 
ample, a MOS type FET (MOSFET). 
[0015] The voltage conversion apparatus 1 further in- 

20 eludes diodes 21 to 24, each of which is connected be- 
tween a drain and a source of a corresponding one of 
the FETs 11 to 14. More specifically, a diode 21 is con- 
nected between a drain and a source of the FET 11 , and 
a diode 22 is connected between a drain and a source 

25 of the FET 12. In addition, a diode 23 is connected be- 
tween a drain and a source of the FET 13, and: a diode 
24 is connected between a drain and a source of the 
FET 1 4. The cathodes of the diodes 21 to 24 are respec- 
tively directed toward the drain sides of the correspond- 

30 ing FETs 1 1 to 1 4. Thus, the diodes 21 to 24 are oriented 
in the reverse direction as viewed from the drain toward 
the source of each FET such that current is allowed to 
flow only in a direction from the source to the drain of 
the FET. 

35 [0016] The drain of the FET 11 is connected to the 
generator 2 and the condenser 3. The source of the FET 
1 1 is connected to the drain of the FET 1 2. The gate of 
the FET 1 1 is connected to the controller 31 . The source 
of the FET 12 is grounded, and the gate of the FET 12 

40 is connected to the controller 31 . 

[0017] The drain of the FET 13 is connected to the 
battery 4 via the current sensor 32. The source of the 
FET 13 is connected to the drain of the FET 14. The 
gate of the FET 1 3 is connected to the controller 31 . The 

45 source of the FET 14 is grounded, and the gate of the 
FET 14 is connected to the controller 31 . The current 
sensor 32 functions to detect current supplied to the load 
5. 

[0018] The voltage conversion apparatus 1 further in- 
so eludes a coil 41 that is connected between a point be- 
tween the source of the FET 11 and the drain of the FET 
12, and a point between the source of the FET 13 and 
the drain of the FET 14. When the FET 11 , for example, 
is switched on and off during an operation of the voltage 
55 conversion apparatus 1 , the coil 41 functions as a 
smoothing reactor for smoothing voltage and current to 
be applied to, for example, the load 5. 
[0019] The controller 31 is adapted to control opera- 
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tions of the voltage conversion apparatus 1 , and mainly 
includes a computer including, for example, CPU, ROM 
and RAM. Various control routines, such as a voltage 
conversion control routine, are stored in the ROM. The 
controller 31 transmits control signals to the respective 
gates of the FETs 11 to 1 4, to perform a voltage conver- 
sion control operation. The manner of transmitting the 
control signals to the FETs 11 to 14 will be described in 
detail when the operation of the voltage conversion ap- 
paratus 1 is explained. 

[0020] The controller 31 is also connected to the drain 
of the FET 11 , and is able to detect a voltage at which 
the condenser 3 is charged. Furthermore, the controller 
31 is connected to the drain of the FET 13, and is able 
to detect a voltage at which the battery 4 is charged. 
[0021] Next, the operation of the voltage conversion 
apparatus constructed according to the embodiment as 
described above will be described. 
[0022] Fig. 2 is a timing chart showing an operation of 
the voltage conversion apparatus 1 according to the 
present embodiment. Fig. 3 is a circuit diagram sche- 
matically showing the voltage conversion apparatus of 
the embodiment during its operation. The timing chart 
of Fig. 2 shows input signals that are applied from the 
controller31 to the respective gates ofthe FETs 11 to 14. 
[0023] Referring again to Fig. 1 , control signals are 
transmitted from the controller 31 to the gates of the 
FETs 11 to 14, respectively. Each of the control signals 
is in the form of a pulse signal that repeats ON/OFF 
switching (i.e., a rise and a decay of a pulse) at prede- 
termined intervals, as shown in Fig. 2. The FET 11 and 
the FET 14, which are located diagonally with the coil 
41 interposed therebetween, receive pulse signals of 
the same phase. On the other hand, the FET 1 2 and the 
FET 13, which are located diagonally with the coil 41 
interposed therebetween, receive pulse signals of the 
same phase that is reverse to that ofthe input pulse sig- 
nals applied to the FET 11 and FET 14. 
[0024] In the voltage conversion apparatus 1 , the FET 
1 1 , FET 1 2 and the coil 41 constitute a step-down chop- 
per, in which the FET 1 1 functions as a chopping portion 
ofthe step-down chopper. In addition, the FET 13, FET 
1 4 and the coil 41 constitute a step-up chopper, in which 
the FET 14 functions as a chopping portion of the step- 
up chopper. Thus, the voltage conversion apparatus 1 
as a whole functions as a step-up/step-down chopper, 
in which the step-up chopper is located behind (i.e., in 
the later stage of) the step-down chopper. 
[0025] With the above arrangement, the ratio of the 
voltage V B of the battery 4 to the voltage V c of the con- 
denser 3 is equal to yl (1 - y), where y represents a duty 
ratio of the pulse signals applied to the FET 11 and the 
FET 14. 

[0026] As shown in Fig. 4, the voltage ratio (the ratio 
of the output voltage to the input voltage) VbA/ c is equal 
to yl (1 - y) during both a step-up operation and a step- 
down operation. Therefore, switching between the step- 
up operation and the step-down operation can be 



smoothly accomplished as the duty ratio y is continuous- 
ly varied. This arrangement makes it possible to avoid 
noise and false operations due to the noise, upon 
switching from a step-down operation to a step-up op- 
5 eration or vice versa. 

[0027] In the voltage conversion apparatus 1 accord- 
ing to the present embodiment, the operations of the 
FETs 11 to 14 are controlled by switching on/off the FET 
11 and the FET 14 in the same phase, and switching on/ 
10 off the FET 12 and the FET 13 in the same phase that 
is reverse to the phase of switching of the FET 11 and 
the FET 14, as described above. Thus, the FETs 11 to 
14 constitute a step-up/step-down chopper in which a 
step-down chopper and a step-up chopper are connect- 
15 ed in series. With this arrangement the voltage conver- 
sion apparatus 1 is able to continuously shift or switch 
from a step- up operation to a step-down operation, or 
vice versa, by continuously varying the duty ratio y of 
switching of the FETs 11 to 14. This arrangement makes 
it possible to avoid noise and false operations due to the 
noise upon switching from a step-down operation to a 
step-up operation or vice versa. 

[0028] While the voltage conversion apparatus of the 
illustrated embodiment is installed on a motor vehicle, 
such as an automobile, the invention may also be ap- 
plied to voltage conversion apparatus for use in other 
applications. 

[0029] While the invention has been described with 
reference to an exemplary preferred embodiment there- 
of, it is to be understood that the invention is not limited 
to the preferred embodiments or constructions. To the 
contrary, the invention is intended to cover various mod- 
ifications and equivalent arrangements. In addition, 
while the various elements of the preferred embodi- 
ments are shown in various combinations and configu- 
rations, which are exemplary, other combinations and 
configurations, including more, less or only a single el- 
ement, are also within the spirit and scope of the inven- 
tion. 

A voltage conversion apparatus (1) is connected 
between a first charging/discharging device (3) and a 
second charging/discharging device (4), and performs 
voltage conversion between the first and second charg- 
ing/discharging devices. The apparatus includes a first 
switching device (11) having one terminal connected to 
the first charging/discharging device, a second switch- 
ing device (1 2) connected between the otherterminai of 
the first switching device and the earth, a third switching 
device (13) having one terminal connected to the sec- 
ond charging/discharging device, a fourth switching de- 
vice (14) connected between the other terminal of the 
third switching device and the earth, and a coil provided 
between the other terminal of the first switching device 
and the other terminal of the third switching device. A 
controller (31 ) is provided for controlling the first through 
fourth switching devices, such that the first and fourth 
switching devices are switched on and off in the same 
phase, and the second and third switching devices are 



25 



30 



35 



40 



45 



50 



4 



BNSDOCID: <EP 1248345A2_I_> 



7 



EP 1 248 345 A2 



8 



switched on and off in the same phase that is reverse 
to that of switching of the first and fourth switching de- 
vices. Selected Figure: Fig. 1 



Claims 

1. A voltage conversion apparatus (1) which is con- 
nected between a first charging/discharging device 
(3) and a second charging/discharging device (4) 
and which performs voltage conversion between 
the first charging/discharging device and the sec- 
ond charging/discharging device, characterized 
by comprising: 

a first switching device (11) having one terminal 
connected to the first charging/discharging de- 
vice; 

a second switching device (12) connected be- 
tween another terminal of the first switching de- 
vice and ground; 

a third switching device (13) having one termi- 
nal connected to the second charging/dis- 
charging device; 

a fourth switching device (14) connected be- 
tween another terminal of the third switching 
device and the ground; 

a coil (41) provided between said another ter- 
minal of the first switching device and said an- 
other terminal of the third switching device; and 
a controller (31) that controls operations of the 
first switching device, the second switching de- 
vice, the third switching device and the fourth 
switching device, such that the first switching 
device and the fourth switching device are 
switched on and off in a first phase, and the sec- 
ond switching device and the third switching de- 
vice are switched on and off in a second phase 
that is reverse to the first phase of switching of 
the first switching device and the fourth switch- 
ing device. 

2. A voltage conversion apparatus according to claim 
1 , wherein the first charging/discharging device (3) 
is charged by use of braking energy of a vehicle. 

3. A voltage conversion apparatus according to claim 
1 or claim 2, wherein each of the first, second, third 
and fourth switching devices comprises afield effect 
transistor having a drain, a source, and a gate, the 
gate is coupled to the controller to receive a control 
signal from the controller. 

4. A voltage conversion apparatus according to claim 
3, further comprising a first diode (21 ) provided be- 
tween a drain and a source of the first switching de- 
vice, a second diode (22) provided between a drain 
and a source of the second switching device, a third 
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diode (23) provided between a drain and a source 
of the third switching device, and a fourth diode (24) 
provided between a drain and a source of the fourth 
switching device. 

5. A voltage conversion apparatus according to claim 
4, wherein each of the first, second, third and fourth 
diodes has a cathode that is directed toward the 
drain of a corresponding one of the first, second, 
third and fourth switching devices. 

6. A voltage conversion apparatus according to any 
one of claims 3-5, wherein said one terminal of the 
first switching device is the drain, said another ter- 
minal of the first switching device is the source, 
which is connected to the drain of the second 
switching device, and said one terminal of the third 
switching device is the drain, said another terminal 
of the third switching device is the source, which is 
connected to the drain of the fourth switching de- 
vice. 

7. A voltage conversion apparatus which is connected 
between a first charging/discharging device (3) and 
a second charging/discharging device (4) and 
which performs voltage conversion between the 
first charging/discharging device and the second 
charging/discharging device, characterized by 
comprising: 

30 

a first switching device (11) having a source and 
a drain, the drain being connected to the first 
charging/discharging device; 
a second switching device (12) having a drain 

35 connected to the source of the first switching 

device, the second switching device having a 
source connected to ground; 
a third switching device (13) having a source 
and a drain, the drain being connected to the 

40 second charging/discharging device; 

a fourth switching device (14) having a drain 
connected to the source of the third switching 
device, the fourth switching device having a 
source connected to the ground; 

45 a coil (41 ) provided between the source of the 

first switching device and the source of the third 
switching device; and 

a controller (31) that controls operations of the 
first switching device, the second switching de- 

50 vice, the third switching device and the fourth 

switching device, such that the first switching 
device and the fourth switching device are 
switched on and off in a first phase, and the sec- 
ond switching device and the third switching de- 

55 vice are switched on and off in a second phase 

that is reverse to the first phase of switching of 
the first switching device and the fourth switch- 
ing device. 
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8. A voltage conversion apparatus according to claim 
7, wherein the first charging/discharging device is 
charged by use of braking energy of a vehicle. 

9. A voltage conversion apparatus according to claim 
7 or claim 8, wherein each of the first, second, third 
and fourth switching devices comprises afield effect 
transistor having a gate, the gate is coupled to the 
controller to receive a control signal from the con- 
troller. 

10. A voltage conversion apparatus according to claim 

9, further comprising a first diode (21 ) provided be- 
tween the drain and the source of the first switching 
device, a second diode (22) provided between the 
drain and the source of the second switching de- 
vice, a third diode (23) provided between the drain 
and the source of the third switching device, and a 
fourth diode (24) provided between the drain and 
the source of the fourth switching device. 

11. A voltage conversion apparatus according to claim 

10, wherein each of the first, second, third and 
fourth diodes has a cathode that is directed toward 
the drain of a corresponding one of the first, second, 25 
third and fourth switching devices. 
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(54) Voltage conversion apparatus 

(57) A voltage conversion apparatus (1 ) is connect- 
ed between a first charging/discharging device (3) and 
a second charging/discharging device (4), and performs 
voltage conversion between the first and second charg- 
ing/discharging devices. The apparatus includes a first 
switching device (11) having one terminal connected to 
the first charging/discharging device, a second switch- 
ing device (12) connected between the other terminal of 
the first switching device and the earth, a third switching 
device (13) having one terminal connected to the sec- 
ond charging/discharging device, a fourth switching de- 



vice (14) connected between the other terminal of the 
third switching device and the earth, and a coil provided 
between the other terminal of the first switching device 
and the other terminal of the third switching device. A 
controller (31 ) is provided for controlling the first through 
fourth switching devices, such that the first and fourth 
switching devices are switched on and off in the same 
phase, and the second and third switching devices are 
switched on and off in the same phase that is reverse 
to that of switching of the first and fourth switching de- 
vices. 
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